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sea takes up, there is room for improvement. Models of ocean C02
uptake have depended greatly on tracer data, particularly natural and
bomb-produced ^C, tritium, and, more recently, halogenated hydro-
carbons. Typically, these models represent some features of ocean
chemistry quite well, even though they represent vertical transport by
a simple diffusion coefficient. The models treat only the C02
perturbation and do not yet adequately mimic the natural and complex
C02-oxygen nutrient biogeochemical cycles within the ocean. As our
ocean data base grows, the current generation of one-dimensional models
will become increasingly inadequate, and incorporation of the CO2 and
tracer data into new models will be required. Warming accompanying
atmospheric C02 rise will also affect the ocean.  Storage of heat in
the upper layers will postpone, but not prevent, climate change. Models
of this heat storage generally treat it as passive uptake, not affecting
water mass formation and vertical circulation. If changes occur in
ocean transport and dynamics, they may affect ocean CC>2 uptake in
significant ways. For example, changes in formation of oceanic bottom
waters in high latitudes may affect the rate of transfer of dissolved
CO 2 to the deep ocean. Progress in incorporating such processes and
features into more advanced ocean models is anticipated and should be
encouraged. Such models will require complex global measurements from
ocean research ships, ocean-scanning satellites, and other sources.

With respect to the methane hydrate clathrates, we recommend further
consideration of the probable effects of a rise in ocean-bottom
temperatures on the stability of the clathrates. We also recommend a
sediment sampling program on continental slopes to determine the depth,
thickness, and distribution of methane hydrate clathrates, especially
where oceanfloor temperatures and depths are such that methane release
is possible from ocean warming during the next century.

Finally, more attention should be given to interactions among the
biogeochemical cycles of carbon, sulfur, nitrogen, and phosphorus (Bolin
et al., 1983). These interactions may offer another example of an area
where there are important, as yet unforeseen, feedbacks. To illustrate,
lower atmospheric C02 concentrations 10,000 to 20,000 years ago may
have resulted from changes in oceanic biologic production, perhaps
related to larger quantities of ocean nitrogen and phosphate.

1.5.6.5 Climate

The width of the range of projections associated with a given C02
increase and the desire for more detailed information on prospective
climate change warrant continuing support for climate research.
Special attention should be given to the role of the oceans and clouds,
model comparison and validation, extremes, and non~C02 greenhouse
gases.

The heat capacity of the upper ocean is potentially great enough to
delay by decades the response of climate to increasing atmospheric
C02, as modeled without it? and the lagging ocean thermal response
may cause important regional differences in climatic response to
increasing CC>2. The role of the ocean in time-dependent climatic